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INTRODUCTION

This preliminary geologic map and accompanying structural sections, prepared as part of the geothermal

research efforts of the U.S. Geological Survey in The Geysers-Clear Lake area, supercedes previous open file
maps 76-221 (Goff and McLaughlin, 1976), 75-198 (MclLaughlin, 1975), and 74-238 (McLaughlin, 1974)  The map
depicts previously undetermined complex bedrock structures in this region, and encompasses the probable
extent of the vapor-dominated part of The Geysers geothermal system and the main area of present geothermal
development. The Clear Lake Volcanics is partly compiled from Hearn, Donnelly, and Goff, 1976

Rocks stratigraphically below the Great Valley sequence are correlated with a deformed sheet of
ophiolitic rocks (Coast Range ophiolite) that forms the upper plate of the Coast Range Thrust along the
west side of the Sacramento Valley (Bailey and others, 1970). The fragmentation and age relations of rocks
above and below this ophiolite succession in the map area, and its correlation with the Coast Range ophiolite
are discussed elsewhere by McLaughlin and Pessagno (in press). The Jocalities of fossil collections referred
to herein, are also discussed in more detail by McLaughlin and Pessagno (in press), and paleontologic data

from two localities of comglomerate in the Franciscan assemblage containing Jurassic radiolaria and Triassic

conodonts were obtained from V. Seiders (unpublished data).

The Franciscan and Great Valley sequence are here divided into a series of fault bounded structural units
based on lithologic differences and upon the scheme of textural zonation devised for progressively me tamorphosed
Franciscan sandstone terranes north of Clear Lake by Blake and others (1967). In the area studied by Blake
and others (1967), the gradational textural change from a weak metamorphic fabric (textural zone 1) in
structurally low Franciscan sandstones, to a moderate to highly foliate metamorphic fabric (textural zones 2
and 3) in structurally higher sandstones was demonstrated to occur gradually over several kilometers within
structurally unbroken Franciscan rocks. However, in the central Mayacmas Mountains these gradational textural
changes are locally abrupt and out of sequence due to late Tertiary and Quaternary thrusting and strike-slip

faulting, probably associated with the San Andreas fault system.

DESCRIPTION OF MAP UNITS

ALLUVIAL AND LACUSTRINE DEPOSITS (Quaternary)—-Unconso]1dated gravel, sand, silt, and clay, deposited
Qal as fan, lacustrine, and fluvial sediments, locally hydrothermally altered and cemented by spring

deposits.

TERRACE DEPOSITS (Quaternary)-—Unconso]idated to semiconsolidated dissected alluvium deposited by
fluvial processes; several undifferentiated terrace deposit levels recognized in Cobb, Collayomi,
and Big Valley areas; deposits on southwest side of Putah Creek in Collayomi Valley (Qtf) include
undifferentiated complexly related fan and terrace deposits.

Qt

] vt OLDER ALLUVIAL AND LACUSTRINE DEPOSITS (Quaternary)--Unconsolidated to semiconsolidated, dissected

Qoa and uplifted alluvium (Qoa) consisting of undifferentiated terrace, fluvial, lacustrine, and fan
- Qos deposits, containing clasts of older Clear Lake volcanics, and locally with coarse water-laid

tuff in lower part (Qut), laminated lacustrine silts (Qos) differentiated locally; consists in
part of uplifted fluvial and lacustrine deposits of Kelseyville area, of Late Pleistocene (younger
than about one-half million years) age (Hearn and others, 1976).

\

LANDSLIDE DEPOSITS (Quaternary)--Unconsolidated rock and soil debris that has moved downslope by
Qls surface creep, rotational slumping, flowage, or by combinations thereof; headwall zones

characteristically have closed depressions; some very large, deeply dissected landslides involving
very large intact blocks of rock formed in pre-Holocene (Early to Late Pleistocene?) time; wood
from bottom of closed depression at the head of block landslide 93 m north, 24 m east of SW cor.
sec. 9, T 11 N, R 8 W. at Union-Phelps #1 drill site northwest of Cobb Mountain, yielded a
radiocarbon age of 13,200+160 y.b.p. (S. Robinson, oral commun., 1977). which probably postdates
earliest landslide movement; some large block landslides on north side of Big Sulphur Creek and
elsewhere may have resulted in large part from extensive hydrothermal alteration and frequent

shallow earthquakes

1 SILICA CARBONATE ROCK (Tertiary and Quaternary)--Hydrothermal alteration product of serpentinization,
o i . i i
composed largely of magnesium carbonate, quartz, chalcedony, and opal; locally associated with
mercury mineralization, and minor liquid hydrocarbons.

CLEAR LAKE VOLCANICS of Hearn and others, 1976 (Pliocene? to Holocene)--Includes quartz basalt, andesite,
QTc dacite, rhyolite, and minor olivine basalt ranging in age from about 0.03 to 2.04 million years.

OLDER ALLUVIUM BENEATH CLEAR LAKE VOLCANICS (1ate Tertiary?)--Includes gravel with abundant subrounded
Toa to rounded cobbles and boulders of chert, foliate metagraywacke and blueschist, derived from the
L Franciscan assemblage; relation to alluvium beneath Sonoma Volcanics uncertain.

SONOMA VOLCANICS (Miocene and Pliocene)--Largely silicic tuffs, breccias, welded tuffs, associated
Tvs ‘ dikes, and flows ranging in composition from rhyolite to basalt, about 2.9 to 5.3 million years

old (Mankinen, 1972)

OLDER FLUVIAL DEPOSITS (Miocene? and Pliocene)--Conglomerate, sandstone, and siltstone, underlies

-ngs Sonoma Volcanics of Miller and Gird Creek area; and consists largely of detritus locally derived
— from Franciscan assemblage, ophiolite, Great Valley sequence, and rarely, as along Red Winery
road, minor detritus from older part of Sonoma Volcanics; unit is steeply tilted and deformed
along southwest side of Maacama fault zone; presence of minor silica carbonate detritus suggests
unit post-dates ancestral hydrothermal systems related to Sonoma volcanism.
| OLDER FLUVIAL AND LACUSTRINE DEPOSITS OF LITTLE SULPHUR CREEK (Miocene? and Pliocene?)--Conglomerate,
[ Tu | sandstone, and siltstone, deposited in local northwest trending extensional basin and truncated
— on southwest by Maacama fault zone, probably pre-dates Sonoma Volcanics; relationship to Tgs

uncertain; locally contains abundant petrified wood, fresh water mollusks, and ostracodes;
conglomerate moderately to poorly sorted, with subangular to well-rounded clasts derived from

. underlying Franciscan, ophiolite, and Great Valley sequence; locally with basal breccia composed
of angular melange-derived blocks up to tens of meters in maximum dimension; intertongues of
brackish or marine strata reported by McNitt (1968) and by Gealey (1951) were not recognized in
this investigation

GREAT VALLEY SEQUENCE (Late Cretaceous to Late Jurassic)

SANDSTONE AND MUDSTONE (Upper Cretaceous)--Greenish-gray, thin to thick-bedded, silty, micaceous
Ku marine sandstone and mudstone, locally with abundant carbonate concretions (Unit IV of Swe and
Dickinson, 1970); mudstone northwest of Hobergs Resort contains Late Cretaceous (Campanian)
foraminifers (W. Sliter, oral commun., 1976).

SANDSTONE AND MUDSTONE (Lower Cretaceous)--Gray to gray-green, thin-bedded quartzose marine sandstone
and interbedded mudstone, with scattered white-weathering limestone concretions (Unit IT of Swe

and Dickinson, 1970)

=

MUDSTONE AND SANDSTONE (Upper Jurassic (early Tithonian) and Lower Cretaceous (valanginian))-0live-
gray to black, marine mudstone alternating with thin interbeds of hard, dark-green siltstone
and graywacke sandstone composed largely of basaltic detritus (Units la and Ib of Swe and
Dickinson, 1970); mudstone is interbedded with sporadic hard gray-weathering impure concretionary
carbonate beds that locally contain Tithonian to Valanginian Buchia sp , belemnites, palynomorphs,
and Radiolaria; lower beds locally with three or more 10 m -thick intervals of hard, gray siliceous
tuff (KJt); base of unit locally contains sedimentary breccias composed chiefly of diabase and

basalt clasts
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DIABASE AND DIABASE-BASALT BRECCIA (Upper Jurassic (1ower Tithonian))--Coarse breccia composed largely
Jdb of angular fragments of diabase and basalt, and rare chert, locally cut by diabase dikes.

COAST RANGE OPHIOLITE (Late Jurassic)

BASALTS FLOWS AND FLOW BRECCIAS OF GEYSER PEAK (Upper Jurassic (Upper Kimmeridgian or lower Tithonian))--
e Undifferentiated, deeply weathered and altered basaltic rocks, consisting of pillow flows, pillow
breccia, tuff, minor diabase, and minor intercalated tuffaceous chert (Jc); basalts contain
prominent epidote, and locally contain laumontite and prehnite; tuffaceous chert contains late
Kimmeridgian or early Tithonian Radiolarian fauna.

k>

DIABASE OF GEYSER PEAK (Upper Jurassic)--Fine- to medium-grained, equigranular to porphyritic, intrusive
rd diabase sills; diabase contains prominent secondary brown to green amphibole after pyroxene;
Jocally altered to rodingite mineral assemblages (rd) along contacts with serpentinite.

s

GABBRO AND DIABASE (Upper Jurassic)--Fine- to medium-grained, layered olivine and orthopyroxene-bearing
Jgd gabbro displaying cumulate texture, cut by diabase dikes which increase in abundance in upper part
of gabbro; locally cut by abundant {ikelets of hornblende-albite pegmatite and rarely, by
biotite-bearing plagiogranite

SERPENTINITE (Upper Jurassic)--Pervasively sheared chromite-streaked dunite and harzburgite peridotite,
Sp partly to completely altered to chrysotile + lizardite * clinochrysotile; where present below
gabbro on northeast side of Collayomi Valley, and at Mt. Saint Helena on the southeast, and
Geyser Peak on the southwest, serpentinized ultramafic rocks together with overlying mafic rocks
are considered to compose a once continuous Late Jurassic ophiolite complex; elsewhere the
serpentinite occurs along major faults, shear zones, and in the cores of diapiric structures as
the result of plastic remobilization during Tertiary and Quaternary time.
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FRANCISCAN ASSEMBLAGE (Upper Jurassic and Cretaceous)

fmc
<gé{ METAGRAYWACKE (structural unit 3)--Fine to coarse-grained, locally conglomeratic metagraywacke (fms)
fms —fm metamorphosed to quartz * Jawsonite + jadeite + albite + pumpellyite * glaucophane, highly
msr reconstituted texturally (textural zone 2 to 3 of Blake and others, 1967), with minor interpeds
g of low blueschist grade metachert (fmc) and greenstone (fmg), locally is a melange (fmsr) with
blocks of high-grade blueschist or amphibolite (fm) in a matrix of fms; overlies and is in part
incorporated into underlying melanges in structural unit 2; is in thrust contact with overlying
Coast Range ophiolite in southeast part of area; in northeast part of area unit overlain along
a thrust fault by serpentinite and rocks of structural unit 2.
& WabumErea® ¢ |
MELANGE UNDIFFERENTIATED (structural unit 2)--Elements, of melange include extensive intact, imbricated L iiai §
fsr slabs of broken formation several kilometers in lateral extent, in addition to blocks that are ;
as small as a meter in diameter, immersed in a penetratively sheared matrix of shale; where
mapped, individual elements are differentiated as follows:
fsZ Lithic graywacke, thin bedded to massive, and minor interbedded black shale; graywacke with
less than one precent potash feldspar, and metamorphosed to quartz + albite + white mica +
pumpellyite + lawsonite, with slight to moderate metamorphic fabric (textural zone 1 to 2 of
Blake and others, 1967): locally interbedded with chert and greenstone 22° %52 Y
fs Lithic graywacke, thin bedded to massive, and minor interbedded black shale; graywacke with up
to 5 percent detrital potash feldspar, and metamorphosed to quartz + K-feldspar + albite + -~ S
white mica + pumpellyite + prehnite, with slight metamorphic fabric (textural zone 1 of Blake / ‘~s~’ (f’“a)j' o= N
and others, 1967); locally interbedded with chert and greenstone; present only in melange ] ‘éﬁ; ¢§ &ﬁii.*\§§; N f“~*/’¥$>\¥
south of Geyser Peak fault zone ) fk o “~ 58 20 Qr_ \\' ol —
fsb Sedimentary breccia and conglomerate, present locally as lenticular bodies locally up to several RS 0 ”’ A, o S e k! D
hundreds of feet thick, within fms, fs2, fs, and basaltic volcanic rocks (fg), and also as blocks ‘ = e -
within melange matrix (fsr); contains detritus ranging in size and roundness from angular blocks
up to several meters in maximum length, to well rounded pebbles less than one centimeter in
diameter, enclosed in a matrix ranging in texture from penetratively sheared shale in pebbly
mudstones, to graywacke; well rounded clasts are of pebble to boulder size and are composed of
silicic porphyritic volcanic and hypabyssal plutonic rocks, dark chert, and vein quartz; angular
and subrounded clasts are composed of radiolarian chert, basaltic volcanics, talc schist,
graywacke, serpentinite, gabbro, and rare blueschist grade metamorphic rocks; rounded to angular
chert clasts have yielded Late Jurassic (Lower Tithonian) and Late Cretaceous (lower Cenomanjan)
Radiolarians and Middle or Late Triassic conodonts; graywacke matrix of conglomerate blocks in
melange south of Geyser Peak fault zone Jocally contains Late Jurassicor Early Cretaceous Buchia sp AP SYMBOLS
fg Altered basaltic rocks (greenstone); locally pillowed basalt flows, flow breccias, tuffs, and - .
diabase, slightly to extensively sheared, slightly to moderately metamorphosed to pumpellyite conback
grade, and locally hydrothermally altered. poproxinste Tocation, dotted where concealed
fc Red, green, and white thin bedded chert, and minor interbedded siliceous shale and tuff, locally
hydrothermally altered, interbedded with fs2, fs, and fg, containing Radinlarians that range in — —
age from Late Jurassic (early Tithonian) to Late Cretaceous (early Cenomanian) syncline Anticline
i 5 ing direction of pl
fm High-grade glaucophane schist, amphibolite, and eclogite; foliated phyllitic to gneissose Traces of axial planes of folds, shoving direction of PIumas
metamorphic rocks, including Type II to Type IV basaltic rocks of Coleman and Lee, 1963, and Dashed where approximate, dotted where concealed
rocks with more siliceous protoliths; eclogite and amphibolite grade rocks in part retrograded
to blueschist; blueschist metamorphic mineral assemblages include fine to coarse-grained sodic v ¢ - » I
amphibole, jadeitic pyroxene, lawsonite, aragonite, fuchsite, and stilpnomelane. - LA )
fsm Metasandstone of the Douglas Ranch area; highly folded, foliated, and crenulated glaucophane- ﬁ:ﬁ;'ﬁ;;’ﬁg:gﬁf%g:ﬁ&ﬂxﬁdﬁfﬁﬂﬁ'
muscovite-quartz schist, with relict sedimentary texture, indicating protolith probably was 3““”33‘ﬂl:“ﬁ,ﬁ??hii&ﬁ'éhﬂﬁﬁ
thin bedded sandstone and shale; contains prominent accessory fuchsite, and displays metamorphic Tatera) ﬁﬁmuménn|muumduWuzMnam
mineral orientation; may be correlative with similar, more extensive schist exposed southwest :'m;tag:ojigh;::‘gmgt"gf‘;gg”":;“’":‘;xﬁga
of Skaggs Springs along Warm Springs Creek, northwest of Healdsburg.
f1 Limestone; gray to white, fine- to coarse-grained, massive, and highly recrystallized, present A A A A A A A A a a7
as blocks in melange only south of Geyser Peak fault zone. v
Thrust fault
mum Metamorphosed ultramafic rock; serpentinite metamorphosed to greenschist or amphibolite Dashed where approximate, dotted where concealed,
grade, composed of serpentine and calcium magnesium amphibole mineral assemblages (antigorite + queried where uncertain; barbs on upper plate
actinolite + tremolite + talc * chlorite), present largely in major thrust sheet on north side
of Big Sulphur Creek, and locally as minor isolated blocks in melange. a s s us PP
Is C
GRAYWACKE OF LITTLE SULPHUR CREEK (structural unit 1)--Fine- to medium-grained, massive to thin o uer | Ao
fs bedded graywacke and minor interbedded black shale with slight metamorphic fabric (textural
1 : ; :
zone 1 of Blake and others, 1967); graywacke contains metamorphic mineral assemblage quartz + S P ———
albite + white mica + pumpellyite; locally with grit-sized grains of shale, chert, and quartz; Prominent air photo 1ineament
in places displays tangential cross bedding, rip-up structures, sole marks, and inverse and
normal grading; shale locally contains hard, oblate siliceous and calcareous concretions
Attitude of planar structures
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The map area encompasses large tracts of private property, much of which is under Tlease to v \\‘Fr\ EQ\ t}i;
companies engaged in geothermal exploration and development. The author appreciates the cooperation Foliation ﬁam:%:fuﬂggeofliwaﬁon 2;§ﬁ1$1ffﬂ:?e°f 2?;x?£§;7?};;?“
of the following industry geologists who provided access to company lease holdings and contributed 00" 5, Fe @ .. S
N 5 in i r n i
background and subsurface data. D. McMurdie, R. Dondanville, and J. Vantine, of Union 0i1 Co.; tywnﬁizhiglﬁLgt i s T2 T haty o
noted where known noted where known
Ian Jamiesson and William Ehni of Thermogenics Corp.; D. Lindsey and L. Garrett of Shell 0il1 Co., and Cg;i> KA/T’T’r‘x
T. Box and R. Wall, of Aminoil Co.; C. F. Isselhardt, of Republic Geothermal Co.; R. Chandtler of .
Landslide deposits Landstc]a scargézarbs
McCulloch 0i1 Co.; G. Taggert, and M. Dwyer, of Cooper Clark and Associates; and E. V. Ciancanelli, R vous: Sndlcate; Hirection on downsiope ¢
of movement
private consultant.
; . . P @ it ® S
Land owners and local residents whose cooperation was most helpful include: Mr. and Mrs. J. ) )
Fault scarp, barbs Closed depression Natural l‘nﬁrz:n’i"c“ along s::t:a:lga:olcamc :::e'::gir
1 idi Maacama fau
Pedroncelli (Ridge Ranch); Mr. M. Martinez (D-Bar-M Ranch); Mr. F. C. Hock; Mr. E. Prati (Caldwell on wpsiope ST
Ranch); Mr. J. Domenichelli; Mr. T. Furtado and the hands of the Circle G Ranch; Mr. and Mrs. P. R J\T S
Mineral Mine Zone of sheared rock
prospect adit

Crespi; Mr. G. Smith, Mr. H. Mitchell, and Mr. C. Heater (Pocket Ranch area); and Mr. R. Meyer and

Mr. C. Meyer (Black Mountain area).
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data in the course of this mapping. The author was also assisted in various stages of the field

work by D. H. Sorg and H. N. Ohlin. D. L. Jones, W. Sliter, W. Evitt, and E. A. Pessagno, Jr.

UL I e OF THE CENTRAL MAYACMAS MOUNTAINS AND THE

insights in the mapping of ophiolitic rocks of The Geyser-Clear Lake area.
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